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out the consideration of and dependence on meterological data
and he therefore is vitally interested in the work of the Weather
Bureau as it is the source of much of his fundamental data.

Fifteen years’ apprenticeship in the study of problems pre-
sented to the agricultural engineer have given the writer a
wholesome respect for the work of the Weather Bureau, and a
desire to see its scope extended and its valuable records main-
tained without interruption.

The agricultural engineer has two uses for Weather Bureau
records, one in connection with his consideration of agricultural
problems, and the other in his studies for the building of works
of various sorts.

In the investigation of agricultural problems the engineer is
often required to report on the agricultural possibilities of a
country where little farming is carried on. He seldom finds
well-equipped Weather Bureau stations in such localities, and
has to depend on near-hy stations in locations similar as regards
elevation, topography, and exposure. By comparison of vege-
tation and the collection of a short series of observations he ean
generally form some fairly accurate measure of the climate of
the district under consideration. The second point which is
important here is that weather stations in new and remote
localities nearly always prove useful sooner or later. There is
hardly any part of the United States which will not become
valuable and be inhabited in the next 50 years, and it is none
too soon to commence to collect records. In many areas much
good is already coming from the records being gathered from
remote mountain stations during the winter time, and as water
resources are developed and conserved for irrigation and power
these stations will increase in number and importance. Com-
mercial organizations are putting in stations where the Weather
Bureau can not take up the work and much more of this kind of
extension is likely to take place in the near future. There is
considerable advantage in having any class of work handled by
experts, and it is generally true that the various weather services
of federal or State Governments can collect, preserve, and puh-
lish these records in better shape than can individual corpora-
tions. For this reason the extension of the United States
Weather Bureau work in some regions seems very necessary.

In the consideration of agricultural problems, frost records,
sunshine, hail, wind velocities, extremes of heat and cold, daily
variation of temperature, and rainfall by months and seasons
are most important. Humidity, evaporation, rate of rainfall,
snow depths, fogs, ete., are of less importance, though exceed-
ingly valuable from other engineering standpoints.

Windvelocities,duration of winds, direction of extreme winds,
and so forth have an important bearing on the kinds of crops
which can be grown and the kinds of soil which can be profitably
handled.

Frost records seem difficult to collect and are often very local
in value. A light frost which nips the beans in the observer's
garden is apt to be reported as a killing frost and go into the
records as such. Such a record would be very misleading in
later years. If some classification could be given of the severity
of frosts, other than those now in use, light frost and killing
frost, it is thought the records would prove of more permanent
value.

The other elements which go to make up a complete meteor-
ological report on any locality are all important, no one of them
can be omitted without loss, yet when it is not possible to col-
lect all the various kinds of records a partial list is of much
value. The distribution of regular Weather Bureau stations
where all classes of records are kept is now sufficient to enable
one to interpolate and supply missing data for the less broadly
equipped cooperative stations.

The space allotted will not permit a wide discussion of the
general value of weather records to agricultural engineers or
permit a full view of the problem, and a few important prob-
Jems only will therefore be touched upon.
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Many times during a season the active engineer is required
to consider questions of the run-off from stream watersheds.
Often no complete records of flow are available and even where
stream flow measurements have been made the period over
which they extend is none toolong. Precipitation records gen-
erally extend over much longer periods and the engineers have
to consider the relation between precipitation and run-off.
This is certainly one of the most unsatisfactory pieces of work
one can undertake. There is no question but that there is some
general relation between stream flow and run-off, but there are
so many factors which enter to complicate the problem that it
has never been satisfactorily solved. We are coming nearer a
solution every year, and now that more attention is being paid
to collection of records from the higher parts of the watersheds,
we have a more hopeful view-point than ever before. Itistobe
hoped that every effort will be made to collect weather data
from such places and in such manner as will enable us to make
some estimate of the relation between these figures.

Evaporation studies have been carried on at intervals for
many years,but the sum total of our knowledge of the evapora-
tion from bodies of water is not great. The recent activity of
the Weather Bureau in this matter is appreciated, and it is
hoped our knowledge of the subject will be greatly inereased.

The engineer who is operating a water power plant or an irri-
gation project is much interested in the matter of long range
prediction of the character of the season. If we could be in-
formed in advance whether a season is apt to be wet or dry, the
information would be of untold value. So far very little in the
way of such prediction has been attempted, but some hope is
extended to us that in time it may be possible to predict the
general character of the weather for longer periods than now.
Every extension of the period of prediction will be immensely
valuable to us. Many of our western streams are subject to
sudden and violent floods, and the collection of data regarding
precipitation in the mountains will help the man in the plains to
be prepared for these floods as well as for periods of low water.
There is some hope that we will be able also to predict from
these records something of the character and amount of run-off
considerably in advance of the time when it occurs.

The matter of publication of weather records has always
been troublesome to the busy man, and the division along
State lines a source of annoyance, but this has been corrected
by the new method of publication in hydrographic districts.
The amount of library material which must be collected by the
individual engineer is very great and this method of publication
will enable the filing of all weather records one person is usually
interested in, in compact form. .

It is readily seen that weather records are the ground floor
facts on which many important engineering problems are
based. These records are becoming more important yearly,
and with the addition of the new lines of work recently started
future records will be most satisfactory. Records from remote
localities are often the most important and the extension of the
Weather Service over new territory will be very valuable to
future generations.

Nore.—Referring to remarks made above on the classifica-
tion of frosts it may be said that the frost data of any place
would have greater value if, with the report of a frost, the
ohserver would mention just what damage was done.—A. H. T

PRACTICAL BENEFITS OF THE WEATHER BUREAU.
By HoracE W. SHELEY, Assoc. M. Am, Soc. C. E.

Among the many bureaus maintained by the Federal
Government for the purpose of collecting scientific data for
the use of its citizens there is none that deals with the subjeet of
more general interest to the public than that of the Weather



DEceMBER, 1909,

Bureau. Even to-day the average man looks info his morning
paper to find out what sort of weather is predicted for the next
few hours, and in the future, when observations shall have been
extended over a longer period of years, and it may therefore be
possible to make predictions for a longer period of time with
more aceuracy than is now possible, the information presented
by the Weather Bureau will undoubtedly be the most widely
read of any literature published by the Government.

It seems unfortunate that the objects, methods, and results
of the Bureau are not more widely known and understood
throughout the country, although along the sea coast and in
many of the fruit and other districts the value of the Bureau is
already properly appreciated. It is the object of this paper to
show how the weather observations can be of great practical
utility to-day and in the future to us all.

The vast saving of life and property effected by the Weather
stations along the sea coast and the Great Lakes by timely
warnings of approaching storms is so well known to shipping
interests and the public that it is unnecessary to consider it
here further than to say that the value of the observations will
probably be materially increased before long by the use of wire-
less telegraphy and international cooperation in obtaining
observations.

On land at the present time the chief commercial value of
the Bureau is in the warning of the coming of cold waves and
late frosts to fruit and truck farm regions where, owing to the
high value of crops, it is possible for a short time to protect
them against injury by raising the temperature a few degrees
artificially by means of smudging or by some other method.
Thefirst useof thereportsof the Weather Bureau for this purpose
was made by the citrus fruit growers of Florida and California,
and it is probable that the savings to the orange crops alone
would very much more than pay for the cost of the Bureau
to the Government. In the enterprising fruit regions produe-
ing apples, peaches, etc., such as Palisade and Grand Junction,
in western Colorado, the Weather Bureau has already been of
great assistance to the fruit growers. It has been said that
there would have been at least a partial, possibly a complete,
failure of crops in the season of 1909 had it not been for smudg-
ing, that is artificial heating of the orchards by means of oil
pans. The Weather Bureaugaveadvance warning of the coming
of colder weather and a probable frost some days before it
actually came, enabling growers to prepare for it, and just
before it was due instructions were sent out to start raising the
temperature.

In planning for the development of a new irrigation distriet,
it is essential to have some idea of what crops can be grown,
and of the returns per acre so that the practical commercial
limit of expenditure for the irrigation plant may be ealculated.
In such a region records of rain, temperature, and frost supply
much of the necessary information, and since the Weather
Bureau officials have been far-sighted in having as many sta-
tions as possible in advance of the greater development of the
country, it usually happens that one is able to find some place
near the region it is proposed to develop where climatic records
have been kept. The writer has in mind the proposed develop-
ment of an irrigation project, where comparison of the altitude,
soil, and climate with that of a district a hundred miles away
already developed into a very famous fruit district, indicates
that the same results may be accomplished in the new district
with proper effort.

A further practical use of weather observations is the estima-
tion of the probable run-off of streams by calculation of the
rainfall. The writer is well aware that there is no ratio of run-
off to rainfall that can be applied to different watersheds, but he
does contend that the engineering profession could safely make
more extended use of precipitation data than now. In the
West, particularly, water power and irrigation developments
generally precede any extended measurements of the amount of
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water discharged annually by the stream. Sometimes only a
few measurements of the stream have been made when it is
taken up for development, and it is necessary to devise some
method of estimating the run-off of the stream; because those
proposing to utilize the stream are unwilling to wait long years
while it 18 being gaged, and likely they would lose their water
right meanwhile. Under such circumstances is it not better
to take the ratio of run-off to rainfall on the basis of the nearest
drainage basin of similar character and altitude, where the

-amount carried off by the stream has been actually gaged, and

apply this ratio to the stream to be developed, rather than to
guess altogether?

Again, even in cases where the stream has been actually
measured for a few years, the question comes up, has the period
of measurement been one of normal or abnormal run-off; has
there been more water than during average years, or how much
less water than the amount measured are we liable to have dur-
ing dry years?

Accurate stream gaging throughout the year is a compara-
tively new thing. Of the streams to be utilized in the future,
particularly in the arid regions, few have been measured accu-
rately for a longer period of time than 5 years, very few more
than 10, and it is exceptional for more than 15.

Now, since precipitation records usually have been kept for a
much longer time than stream measurements, it is possible to
use them for a check on the stream measurements. For
example: The amount of water discharged by the stream has
been measured for 3 years, and we want to know whether
the period was an average one or not. Now, say, that there
is a place, possibly not in the drainage area of the stream in
question, but close enough so that the seasonal variations
probably would be alike for both places, a year of exceptional
rainfall at the weather station occurring at the same time as a
year of exceptional floods in the river, where precipitation
records have been kept for 20 years. Now, if the records of
these 3 years at the weather station show that the rainfall was
normal during the 3-year period and for a year preceding that
period, then we would have much justification for saying that
the flow of the stream probably was normal for that period.
If the rainfall record for the period had been unusually great it
would be necessary to regard the run-off record with suspicion
and deduct something for it.  If the rainfall records had been
abnormally low for the period and possibly for a yecar before,
making the period the driest for 20 years, we would be fairly
safe on figuring on the measured discharge being the minimum
discharge of the stream. The longer the precipitation records
the more reliable the caleulation.

Often the gaging points are not situated at the point on the
stream just where the water is to be diverted from it. The
writer has in mind one case where the diversion point is 45
miles below the old gaging station, or point of measurement, of
a river, and the drainage area is three times greater at the point
of diversion than it is at the gaging station. The proposed
point of diversion of another stream is 100 miles above the
Government gaging station. It is obvious that some correction
must be made to the recorded stream flow in both these cases,
and the only way to do so at present is to make comparisons of
watershed areas and precipitation.

It is thus seen that the records of wind, temperature, frost,
and precipitation, as kept by the Weather Bureau, are of very
great benefit to shipping, to farmers, and to engineers of power
and irrigation developments. The publie, if it be so minded,
can reburn value for value received by cooperation with the
Bureau. There is little labor attached to keeping the ordinary
cooperative station, in fact to the average person it is a pleas-
ure. The one general subject of interest at all times to all peo-
ple is theweather, and if a thermometer is at hand we usually like
to read it the first thing in the morning. The Bureau is largely
'dependant upon cooperative observers throughout the country,
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and the value of its records can be greatly increased by assist- efforts by his interest in the records, by weather reports sent to
ance rendered by us in the private walks of life. The Bureau him personally, and by the feeling of pride we must all have
is particularly in need of observers at the higher altitudes in when we think we are achieving something for the benefit of
the West. The cooperative observer is rewarded for his small our fellow men.
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TaBLe 1.—Climatological data for December, 1909. District No. 10, Great Basin.
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TasLE 1.—Climatological data for December 1909. Dutﬂd No 10—Cont1nued
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TaABLE 2.—Daily precipitation for December, 1909. District No. 10, Great Basin.
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TaBLE 2.—Daily precipitation for December, 1909. District No. 10—Continued.

DEecEMBER, 1909
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Day of month.
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DEcEMBER, 1909. MONTHLY WEATHER REVIEW. 1115
TABLE 3.—Mazimum and minimum temperatures at selected stations, December, 1909. Disirict No. 10, Great Basin.

Wyoming. Utah.
g’ . | y
4 S B s ! ; : E-‘? ]
F] i . i 25 < i ~ i R g
! H 1 3 ; . g ] ' : | = : d i 2
g i o - 8 1] b E | ] ! . E A z
g3 g 2 B e 0§ 4 g | : :
. | o © | e
R & = 8 a |3 = s & ' & I £ a A g
g T i : I
g ;Max, | Min. Max.!Mln. Max. | Min. { Max. Mln.!Max. Min. Max.‘Ml.n. Max.| Min. ;Max. | Min. Max. Mln.|Max. Min, Max.|Min. Max.|Min. |Max.| Min. |Max. | Min,
! ! _ : : . i
|
1... ! 35 26 ! 32 21 . 35 26 44 29 | 47 ! 20 ‘ 51 l 30 49 32 37 32 50 15 4 18 ] 18
3. 32 11 31 10 35 22 36 2! 48 20 47 | 23 42 22 37 26 47 12 22 31 11 42 9
3. 11 =9 20 ‘-4 24 16 29 15 | 34 | 4 ! 25 0 25 14 27 12 45 10 15 26 2 26 [
4. 10 -17 13 -9 25 10 23 5 | 30 -2 2 7, 2 5 23 11 44 7 13 b 9 28 [— 4
5. 12 . —11 26 9 . 30 14 28 18 ' 23 012 | 24 | 14 ‘ 23 12 27 15 37 3 23 4 |—-10 33 5
6. 19 ‘— 4 27 1 28 16 31 14 32 10 32 2 25 3 2 22 33 10 18 24 -2 37 [—10
7. ‘ 19 -3 31 - 1 32 5 35 20 20 i 13 | 38 | 2 28 20 32 12 30 11 24 32 23 87 11
8. 41 2 36 26 35 7 36 13 39 24 3 ! 5 31 23 39 29 34 18 31 38 24 37 9
9. 32 | 23 37 0 25 15 47 30 39 30 45 . 27 38 2 38 26 40 22 32 36 26 42 20
10. 32 12 37 17 24 18 42 19 39 10 25 ‘ 5 36 9 36 22 30 10 23 4 36 5
11. B -6 30 1 30 S 34 11 33 ‘ 5 ‘ 2 - R 31 12 29 15 40 9 18 30 5 32 [-14
12. 30 —2 R 7 35 10 33 13 33 10 2 -2 35 10 29 17 41 8 21 30 9 36 (— @
13. 30 | 22 37 18 36 12 39 23 36 24 37 | 12 40 19 38 25 40 7 25 24 7 40 |— 4
14... 26 | 15 33 6 24 37 20 32 13 ‘ 32 10 33 17 32 22 40 6 23 36 2 31 |—14
15... 29 -5 21 -3 32 -1 34 10 2 8 97 32 8 27 10 39 9 16 4 |-2 2 |-8
16... !— (] 2 -3 24 71 26 10 23 2 27 |- 6 30 8 22 9 35 0 |........... 23 15 25 |—2 24 |- 9
17... 10 |— 17 20 16 19 2 24 2 20 5 1& 1 23 6 15 0 33 8 31 1 21 8 26 0 26 0
18... 15 =2 18 ;—18 17 |— 6 22 0 21 =9 16 —20 23 1 12 1 25 |—5 18 |— 7 18 4 29 2 20 |—-10
19... 18 — 8 20 [—-9 2] |=2 23 0 2% -1 22 |—12 26 1 18 8 30 (1} 20 |—4 22 22 6 26 |— 5
20.. 11 -1 2% -3 19 5 29 10 2 1 23 5 24 6 22 12 31 [1} 30 13 26 16 32 (-1 26 9
21.. P8 -1 4 3 23 6 26 13 24 5 24 0 7 24 18 24 18 26 1 29 15 28 2 —1 25 |[-~15
22,.. 18 —-10 23 -3 25 2 2 16 27 7 26 .—3 28 4 22 9 30 9 35 17 28 17 -2 28 [—-11
23... 21 -9 23 (-1 4 5 25 15 22 1 29 3 23 -8 24 14 29 14 28 12 28 18 30 4 26 |— 4
24.. 20 (—6 2 —6 21 1 29 13 27 1 18 (=10 17 |-11 26 15 31 5 26 8 26 16 32 5 26 |-13
25... 25 [— 7 25 |— 6 23 2 31 0 2 0 | 3B -8 3 -8 23 16 38 3 27 4 29 13 30 8 32 |-20
26. .. 34 -2 % -3 24 5 33 8 29 1 33 |- 2 3 |1—3 26 16 45 3 28 10 29 18 26 5 87 -7
27... 35 9 30 11 2 [— 3 2 6 29 4 37 [—10 32 -6 24 [] 36 4 24 2 28 16 -11 36 |—15
28,.. 28 |— 6 2 0 20 |— 35 33 1 30 4 27 |— 9 2% (-3 22 6 37 5 25 |—~1 27 12 20 |—-7 a6 (—9
29... 32 -7 17 |- 5 22 =7 32 0 2 1 23 — 8 23 0 18 i—6 . 40 6 29 |—1 25 11 24 [~ 2 M (-8
30... 38 -1 19 |- 5 21 — 4 24 (] 37 6 3 -2 42 5 23 5 42 5 23 4 24 12 26 1} 26 |—-3
31...| 37 |-13 36 | 22 37 15 37 ‘ 18 48 24 40 12 40 | 26 41 33 39 19 48 20 50 21 48 22 24 ] 48 22
Mns | 18.8 [—6.9 | 24.1 |—0.1 [ 2.4 | 2.626.8' 6.7 ‘ 31.0 | 12,7 X 30.7 | 7.4|29.8 ‘ 3.7 30.8 ‘ 9.0 |27.1 (143 (371 7.6 (......[.... ../ 20.9 | 18.1 | 28.6 | 4.2 | 32.6 [—2.8
Nevada.
o T ' | Fa .
I : ; 4 ! : gp':' 5 : 4 g
Date. 5 i . ! s ' d
N N I B D A A
g . = | & = 8 =] | 8 L]
B a & @ & S g | & g | & 8 3
|
Max, | Min. Max.|Min. Max.|Min. Max.| Min. Max.| Min. Max.|Min. Max.|Min. Max.| Min. Max. Mln.;Mnx. Min. |Max. | Min. | Max. | Min.
54 18 48 34 56 i 20 69 27 62 15 52 28 54 28 55 37 51 41 56 18 48 39 44 32
47 20 43 12 49 2 | 70 28 60 14 33 23 56 17 48 22 41 23 48 8 41 15 b ] 21
41 8 20 (] 31 18 58 31 50 11 26 15 30 5 31 15 31 15 46 8 20 10 29 14
40 5 20 — 4 32 12 43 13 64 18 27 15 32 20 25 3 36 14 4 [} 24 9 32 10
45 12 25 14 42 2 67 29 65 10 29 20 30 7 33 16 37 16 46 8 21 17 36 20
48 15 25 -8 40 26 26 [—10 35 8 44 [ 20 4 25 8
45 16 32 18 19 33 2 31 15 44 25 48 8 26 18 36 22
42 8 30 20 13 49 29 39 25 49 34 52 10 28 40 29
44 6 37 2; 21 40 i1 42 30 30 12 39 25 43 29
31 8 30 10 4 37 10 40 13 40 25 46 5 28 20 40 19
31 |—7 31 10 36 12 35 10 | 43 21 42 3|81 19 | 36 | 16
41 9 39 10 12 43 i1 36 26 b5 29 42 [] 40 27 38 26
36 —1 38 15 6 40 18 48 20 43 27 46 [— b 36 27 43 23
38 1 31 4 40 14 49 i1 39 26 4 -7 29 18 36 17
36 3 34 5 40 15 36 8 41 20 4 -8 29 18 82 11
42 2 30 13 35 22 42 6 41 17 46 30 18 37 12
31 5 25 -3 37 10 42 16 37 18 42 15 14 14
21 [—1v 28 (— -1 36 9 47 5 41 16 40 I 24 10 37 10
24 0 24 10 12 37 2 33 16 34 19 26 15 29 10
18 =5 21 b 5 33 10 29 12 28 23 32 19 22 18 27 13
20 2 23 5 30 9 35 -2 30 13 32 14 26 2
24 0 29 -8 35 15 29 11 37 17 24 18 22 18 24 8
23 |- 6 2 -3 43 21 37 11 36 18 36 18 23 17 26 K
20 —8 30 -9 43 11 27 16 38 15 38 16 26 14 28 1
38 4 32 11 -4 40 [} 28 5 30 21 38 16 30 18 29 ]
26, . 36 6 38 11 5 35 12 36 17 36 19 38 14 30 22 87 10
. 40 10 40 10 -8 32 14 27 17 29 18 42 12 27 13 25 13
< 45 6 35 10 -5 34 16 22 14 27 16 40 8 28 14 20 12
20, e 40 5 40 -1 20 20 8 31 17 43 14 38 22 22 ]
B0, e 51 14 42 17 7 42 29 21 6 43 18 42 12 42 31
- ) P 48 12 41 31 25 45 29 35 17 42 33 48 41 36 25
Mean  .............eiieell 36.7; 5.1:31.8| 0.3 7.3 (88.4 ' 15.9 | 35.1 | 13.0 | 38.4 | 23.9 | 42.4 | 10.0 | 29.6 | 18.9 | 32.4 | 14.6
i .




